SUMMARY -Population aging is a global demographic trend showing continuous growth and among its consequences is a rise in malnutrition that is characteristic for the elderly. Th e objective of this study was to evaluate nutritional status of elderly home care patients immediately after hospital discharge and to determine factors that aff ect nutritional status using questionnaires based on validated tools (NRS-2002, DETERMINE checklist) and basic medical history data. Th e study involved 76 elderly individuals (51.3% of them older than 70) living in the City of Zagreb. Th e nutritional status assessment using the NRS-2002 tool showed that 57.6% of the subjects were at nutritional risk. Th e fi ndings of the assessment by use of the DETERMINE tool were also unfavorable, indicating that 82.1% of persons older than 70 were categorized as being at a high nutritional risk, while 17.9% were at moderate risk. Th e DETERMINE checklist elements (illness; reduced intake of fruits, vegetables or dairy products; alcohol consumption; oral health problems; and weight loss) were linked to a higher NRS score. Th e mean number of hospital days in subjects at nutritional risk was 14.27 (the mean number in the Republic of Croatia is 8.56 days). Although the study involved a small number of subjects, the results showed a substantial presence of malnutrition among the elderly. A timely intervention by the healthcare system and training of healthcare personnel can be a step towards achieving a better nutritional status.
Introduction
Th e global population is experiencing a negative trend of continuous aging, which is accompanied by growing needs for advances in healthcare for the elderly. Th e healthcare sector is continuously facing new challenges in providing this vulnerable population with timely care and enabling them to achieve better quality of life 1 . Th e assessment of the nutritional status of the elderly is a topic of scientifi c research that is being studied worldwide with increasing frequency and using various validated methods of screening and assessment. An appropriate approach to nutritional status assessment is a prerequisite for establishing potential measures for addressing the issue of the prevalence of high nutritional risk in the elderly. Th e costs of healthcare for the elderly are higher than the costs for the general population, since the elderly are more likely to suff er from chronic noninfectious and malignant diseases. Furthermore, the elderly are more likely to be hospitalized and their length of stay in the hospital is longer than for the general population, which also increases treatment costs. Th e advancement of health-care management for the elderly is extremely important, and the objective is to design appropriate healthcare standards within the scope of primary, secondary and tertiary prevention programs 2, 3 . Malnutrition is a frequent occurrence in the elderly population, especially in persons of low socioeconomic status. Moreover, malnutrition in the elderly is a public health issue infl uenced by numerous factors such as physiological changes, social and economic parameters. Declining oral health, loss of the sense of taste, dysphagia, diarrhea, depression, dementia, treatment with drugs, and other associated diseases increase the risk of malnutrition in the elderly 4 . Malnutrition is characterized by a protein-energy defi cit that causes various changes in the composition and function of certain body parts, such as a weakened muscle function, reduced bone mineral density, immune system disorders, anemia, limited cognitive function, delayed wound healing, prolonged postoperative recovery, and an increased risk of hospital readmission and mortality. Furthermore, social factors such as poverty, loneliness, and a low level of education can refl ect in food availability and, consequently, the nutritional status. Th e data available in scientifi c publications show that the prevalence of malnutrition is 15% in persons who live at home, 23% to 62% in hospitalized persons, and 85% in persons who live in nursing homes 5 . Th e objective of this study was to evaluate the nutritional status of elderly home care patients after hospital discharge and to identify the factors that aff ect the poor nutritional status, such as diseases and psychosocial factors. Furthermore, the objective was to identify the type of nutritional support provided during previous hospitalizations, as well as the relation between the type of nutritional support and nutritional status or the length of hospital stay.
Subjects and Methods
A random sample of 76 subjects from the City of Zagreb were included in this epidemiological fi eld study. Th e conditions to participate in the study were met by all persons older than 65, immediately after hospitalization, living at home. Subject recruitment was conducted with the assistance of family doctors who had issued orders to visiting nurses to make home visits to elderly persons upon hospital discharge. Th e subjects were enrolled in the study from November 2015 to April 2016. Th e study was conducted with the aid of a questionnaire that was drawn up by using two validated instruments, the Nutritional Risk Screening 2002 (NRS-2002) 6 and the DETERMINE checklist 7 , along with the basic medical history data. Nutritional risk assessment was conducted using a validated NRS-2002 questionnaire. If the total score was three or higher, the patient was deemed to be at nutritional risk and nutritional support had to be implemented. Th e DETERMINE checklist was used for persons older than 70 in order to identify the reasons for the poor nutritional status of the subjects. Th e questionnaire consists of ten items on illness; oral health problems; consumption of certain food groups, alcohol, and medications; suffi cient means for purchasing food; involuntary weight loss; and eating habits. A total score of 0 to 2 points indicates good nutritional health, 3 to 5 points indicate a moderate nutritional risk, and 6 or more points indicate a high nutritional risk. Th e basic medical history data (length of hospital stay and type of nutritional support) were obtained from available medical records.
Statistical analysis included correlation test and Student's t-test for measuring diff erences between two independent groups, with a p-value under 0.05 (twotailed test) representing the level of statistical significance. Statistical data processing was performed using SPSS software, version 23 (IBM Inc., USA).
Results
A total of 76 subjects older than 65 were included in the study. Of these subjects, 48.7% were younger than 70, while 51.3% of the study population was older than 70. According to the medical history data on the prevalence of various diseases, cardiovascular diseases were most prevalent (37.3%), followed by malignant diseases (26.7%). Diabetes was the third most prevalent disease in the study sample (22.7%). Gastrointestinal tract diseases that directly aff ect the intake of food and therefore increase the risk of malnutrition were present in 18.7% of the study population. Th e results of the study showed that 10.7% of the subjects suff ered a bone fracture, with femoral fractures accounting for 50% of these cases.
Th e level of nutrition of subjects in various categories based on the body mass index (BMI) is shown in Table 1 . Th e level of nutrition of the study population Th e fi ndings of the assessment conducted using the NRS-2002 tool indicated that 57.6% of the study population had a NRS score ≥3 which, in turn, indicates the presence of nutritional risk. Less than half of the population (42.4%) had an NRS score <3, and therefore those persons were not at nutritional risk. A statistically signifi cant correlation between the NRS score and BMI was established using the bivariate correlation test. Th ere was a moderate negative correlation, i.e. the valid hypothesis is that the lower the BMI, the higher is the NRS score (r=-0.251, n=72, p<0.05).
Th e nutritional health assessment by using the DE-TERMINE checklist tool was conducted in 39 persons older than 70. In 82.1% of this population, the total
Fig. 1. Results of analysis according to DETERMINE checklist categories.
score of all DETERMINE checklist elements was ≥6, i.e. those persons were at a high nutritional risk. A total of 17.9% of the study population were at a moderate nutritional risk (score 3-5). None of the persons was found to be in good nutritional health. Th e analysis according to DETERMINE checklist categories is shown in Figure 1 . A fact to be highlighted from the fi ndings is that 84.6% of persons took three or more prescription or over-the-counter (OTC) drugs per day. A total of 82.1% of subjects suff ered from an illness or condition that aff ects food consumption, and 76.9% of subjects were physically unable to shop for food and cook, which is also refl ected in food consumption. Th e percentage of patients with substantial body mass oscillation in the last 6 months was 84.6%. Th e statistically signifi cant fi ndings of the correlation between individual DE-TERMINE checklist elements and the NRS score are shown in Table 2 . Th e fi ndings indicated that subjects in whom the aforementioned DETERMINE checklist elements were marked had a statistically signifi cant correlation with a higher NRS score compared to subjects in whom those elements were not marked. Th ese elements are illness; reduced intake of fruits, vegetables or dairy products; alcohol consumption; oral health problems; and weight loss.
Th e mean number of hospital days in subjects who were not at nutritional risk (NRS <3) was 12.85, while the number of hospital days was higher in subjects who were at nutritional risk (NRS ≥3), amounting to 14.27. No statistically signifi cant diff erence was found in the length of hospital stay and the NRS score.
Th e types of nutritional support provided during hospitalization were divided into four basic categories: nutritional support, dietary advice, enteral nutrition, and parenteral nutrition. Enteral nutrition (35.7%) and parenteral nutrition (41.1%) were the most prevalent types of nutritional support provided to the study sample. No nutritional support was provided to 26.8% of subjects during their hospitalization. Testing the correlation between hospital length of stay and the type of nutritional support during hospitalization (enteral, parenteral, dietary advice, and no support) yielded no statistically signifi cant diff erence. Correlation analysis between the type of nutritional support during last hospitalization and the NRS score showed a statistically signifi cant diff erence indicating a strong correlation, i.e. the higher the NRS score, the higher was the level of nutritional support (r=0.502, n=56, p<0.01).
Discussion
Th e nutritional status of the elderly is aff ected by numerous changes characteristic of this phase of life, such as physiological, socioeconomic and psychological changes. Nutritional status assessment is based on anthropometric parameters and nutritional risk assessment tools 8 . Th e Mini Nutritional Assessment (MNA) is the most frequently used nutritional status assessment tool. MNA is a tool intended for use by trained healthcare professionals, and it has been used in a vast number of studies 9 . Furthermore, most studies related n = number of subjects; NRS (x ±s) = Nutritional Risk Screening (arithmetic mean ± standard deviation); t = t-value; p = p-value to nutritional status assessment in the elderly have been conducted on samples of institutionalized persons, which usually includes hospitalized patients and nursing home residents, while fewer studies pertain to the elderly who independently live at home. Th e objective of this study was to determine the nutritional status of elderly persons receiving home care after hospital discharge and to identify the factors that aff ect their nutritional status in order to lay the foundation for further development of healthcare and improvements of healthcare in this population, which has been insuffi ciently studied until now. Since visiting nurses were involved in the data gathering process, a questionnaire drawn up on the basis of validated tools (NRS-2002 and DETERMINE checklist) was used to ensure simplicity and ease of use 10 . According to the medical history data obtained, the fi ndings on the prevalence of the most frequent chronic illnesses correspond to other data available in scientifi c publications. Cardiovascular diseases that cause 47% of deaths in Europe and 40% of deaths in European Union Member States are the most prevalent, and it is estimated that 4 million people in Europe or 1.9 million people in the European Union die every year from cardiovascular diseases 11 . Malignant diseases are the second most prevalent cause of morbidity and mortality in the world 12 . Diabetes mellitus was the third most prevalent disease in the study sample. Chentli et al. state that, on average, 20% of elderly people suff er from diabetes mellitus, and that another 20% suff er from the disease but have not been diagnosed 13 . Data on this elderly population show that 50% of all bone fractures are femoral fractures.
Body mass index is a simple tool that is used to assess nutritional status in adults. Th is population shows a contrast in BMI categories in patients older than 70, with a signifi cantly higher percentage of subjects who are severely malnourished and potentially malnourished. Th e results are in line with the fact that elderly people are at a higher risk of malnourishment due to physiological and socioeconomic reasons, as well as comorbidity, and the fact that the range of BMI values is diff erent for people younger and older than 70 14 . Th e results of this study, obtained by assessment using the NRS-2002 tool, indicated that nutritional risk was present in 57.6% of subjects. Rist et al. conducted a similar study using the MNA tool on a sample of 235 Australians older than 65 who were receiving home care. According to their fi ndings, 57.4% of subjects were not at risk of malnutrition, 34.5% of subjects were at risk, and malnutrition was identifi ed in only 8.1% of subjects 15 . If we compare the aforementioned fi ndings, we can conclude that the fi ndings obtained from the Australian population are more favorable than this Croatian sample. Despite that fact, the authors believe that such statistics are troubling, and that the issue of nutritional risk in the elderly should be addressed by implementing certain nutritional interventions, especially in the population that is at an increased nutritional risk.
Th is study showed the BMI decrease to be followed by an increase in the NRS score, which is in line with the results obtained by other studies. Saka et al. conducted a study on the impact of nutritional status on serum prealbumin, whereby they also took into consideration other parameters such as BMI and length of hospital stay. When assessing nutritional status, they used the NRS-2002 tool and found that 71% of subjects older than 65 were at nutritional risk. Furthermore, persons with a high NRS score were found to have lower BMI values that were of statistical signifi cance 16 . According to the DETERMINE checklist results, the percentage of persons at high nutritional risk was troubling (82.1%). Persons at high nutritional risk (17.9%) should request help from the competent family doctor, and persons at moderate nutritional risk should be instructed on how to change their lifestyle and dietary habits, and they should be reassessed after three months. A major European study within the scope of the Food in Later Life project was conducted over a two-year period in eight European countries (Denmark, Germany, Italy, Poland, Portugal, Spain, Sweden, and the United Kingdom). Th e objective of the study was to identify the nutritional risk of the European elderly who live at home, and the assessment was conducted by using the DETERMINE checklist tool. Nearly half of the population (47.3%) were in good nutritional health, one-quarter (27.3%) of the population were at moderate nutritional risk, while the lowest percentage (25.4%) of the population were at high nutritional risk 8 . One of the principal causes of malnutrition in developed European countries is chronic or acute illness. Illness is actually a series of infl ammatory processes in the body that aff ect the metabolism, appetite, absorption and effi ciency of nutri-ents 17 . Th e results of the analysis conducted on the study sample showed the presence of an illness or a condition aff ecting food consumption in 82.1% of subjects (Fig. 1) . One-third (30.6%) of elderly persons that participated in the study by Morais et al. suff er from an illness aff ecting the type and quantity of food they consume 8 . Diff erences between the results of the study by Morais et al. and our study could be explained by diff erence in the populations observed. In their study, Morais et al. observed a population of elderly subjects 8 , whereas we observed a population of elderly subjects immediately after hospital discharge, which explains the high percentage of persons at moderate and high nutritional risk in our population, and a high percentage of persons in whom illness aff ected the type and quantity of food they consumed.
In addition to their primary diagnosis, the elderly often have several comorbid diagnoses and therefore take a greater quantity of diff erent drugs. Polypragmasy is characteristic of the elderly 18 , and according to the DETERMINE checklist results shown in Figure  1 , 84.6% of subjects were taking three or more prescription or OTC drugs per day. Th e results of the study by Morais et al. conducted on 664 elderly people in Europe show that 50.2% of subjects were taking three or more drugs per day 8 . Drugs can cause disruption in food consumption and directly or indirectly affect numerous metabolic pathways, which ultimately aff ects the nutritional status. More than 250 drugs can aff ect the intake, absorption, metabolism, and excretion of nutrients 18 . Illness often aff ects mobility, and therefore elderly people are not always physically able to shop for food and cook, which also refl ects in food consumption. Such cases feature in the study population; as much as 76.9% of subjects were not physically able to perform the aforementioned activities. Similar results were shown in a previous study; malnutrition was present in the 63.8% of the study population, who were unable to independently perform activities such as shopping for food and cooking 5 . Major studies such as the National Diet and Nutrition Survey (NDNS) and the National Health and Nutritional Examination Survey (NHANES) found poor dental status to pose a substantial risk of malnutrition 19 . Th e present study confi rmed the aforementioned theory since 48.7% of subjects experienced problems with dentures and oral cavity, and were found to have a statistically signifi cant tendency towards a high NRS score. Poor nutritional status is a result of a decreased intake of food that requires chewing due to its fi rm texture, for example meat, fruit and vegetables 19 .
A total of 46.2% of subjects experienced loneliness (Fig. 1) ; Morais et al. report on an almost identical result, i.e. 47.5% of subjects were eating alone most of the time 8 . Th e SOLINUT study has found that people who eat alone have a decreased appetite, and therefore a reduced nutritional intake 20 . A reduced consumption of fruit, vegetables and dairy products has a direct effect on poor nutritional status and, according to the results obtained, it was present in 46.2% of subjects (Fig. 1) . Johnson et al. studied fruit and vegetable consumption on a sample of 445 persons older than 65. Th eir results have shown that 37% of people who live in urban areas and 51% of people from rural areas do not consume the recommended fi ve portions of fruit and vegetables per day. As potential reasons, they cite lower social status than that of the general population, reduced appetite and sense of taste, and reduced physical ability to prepare vegetables or meals 21 . Th e activity of the enzyme lactase becomes reduced over years, which leads to the onset of lactose intolerance. People experience diffi culties in tolerating milk and dairy products, which results in the feeling of weakness, nausea, etc.
22
. Lactose intolerance is a potential explanation for the reduced intake of dairy products in the study sample.
Th e presented fi ndings of the correlation between certain DETERMINE checklist elements and the NRS score indicated that subjects in whom the aforementioned elements were marked had a statistically signifi cantly higher nutritional risk than the subjects in whom those elements were not marked ( Table 2) . A study by Pohlhausen et al. involved 353 homecare patients older than 65, showing that 31% of men and 36% of women experienced problems with chewing, and 33% of men and 26% of women experienced problems with swallowing. A statistically signifi cant correlation was found between the problems with swallowing or chewing and a weakened nutritional status 23 . Such results are in line with the results obtained in our study, indicating that people with declining dental or oral cavity health showed a statistically signifi cantly higher tendency towards high NRS score. Moreover, people who eat few fruits and vegetables are at a substantially higher nutritional risk. In the study by Morais et al., 16 .5% of subjects ate few fruits, vegetables and dairy products, and they were exhibiting higher nutritional risk 8 . Such results indicate that better approach should be developed for serving fruit and vegetables to the elderly in order to reduce, at least partially, the potential nutritional risk. Great oscillations in body mass, especially in the elderly, can be an indicator of poor nutritional status 8 . People who frequently consume alcohol usually have a lower food intake, and thereby a reduced intake of carbohydrates, proteins and vitamins. Furthermore, the metabolism of alcohol aff ects the absorption and effi ciency of nutrients, which is refl ected as a high nutritional risk 24 . People who drink 3 or more drinks of beer (300 mL), liquor (30 mL) or wine (150 mL) almost every day have a tendency towards a high NRS score or nutritional risk.
A prompt nutritional status assessment or identification of nutritional risk can contribute to a timely and proper nutritional intervention, which reduces the length of hospital stay and ultimately results in lower treatment costs 25 . Martins et al. conducted a study on 207 subjects older than 65 with the objective to assess nutritional status of patients using the MST, MNA, SGA and NRS-2002 tools, and to establish whether there is a correlation with length of hospital stay 26 . Th e fi ndings showed that there was a statistically signifi cant correlation between patients classifi ed as being at nutritional risk according to their NRS score and an extended stay in hospital. An extended stay was defi ned as one that lasted for more than 8 hospital days. A study with a similar objective was conducted by Gökcan et al. on a sample of 2566 subjects 25 . Th e fi ndings showed that there was a statistically signifi cant correlation between the length of hospital stay and high nutritional risk. A little less than half of the patients (41.6%) at high nutritional risk (NRS ≥3) had a statistically signifi cantly extended hospital stay. Th e results of this study did not show a statistically signifi cant correlation between the length of hospital stay and the NRS score contradict the results of other studies. A substantial difference in sample size in the studies by Martins et al. 26 and Gökcan et al. 25 compared to the present study may account for such results.
Our study showed no statistically signifi cant diff erence between the length of hospital stay and the type of nutritional support. Furthermore, there was no statistically signifi cant diff erence between the length of hospital stay and the NRS score. Analysis of the correlation between the type of nutritional support during the last hospitalization and the NRS score revealed that the elderly who were at higher nutritional risk received a higher level of nutritional support. Results of a study conducted in China on 5034 patients, 19.2% of whom were at nutritional risk (NRS ≥3) at the time of admission to the hospital, showed the degree of complications to be lower and the length of hospital stay signifi cantly shorter in persons who received nutritional support in comparison to persons who received no nutritional support (20.9% vs. 30.0%, p<0.05) 27 . Th e diff erence in results compared to our study can be explained by diff erence in the sample size.
Th e mean number of hospital days in subjects who were not at nutritional risk (NRS <3) was 12.85, while in subjects who were at nutritional risk (NRS ≥3) the number of hospital days was 14.27. A report on the activities of hospitals in Croatia in 2015 shows that the total mean length of stay in the hospital was 8.56 days, which is signifi cantly lower than our data 28 . One of the explanations for this diff erence is the advanced age of our sample patients in whom the percentage of chronic illnesses and related complications was higher than in the general population.
In conclusion, assessment of the nutritional status of subjects between 65 and 70 years of age using their BMI showed that the weight of most of the subjects was either within the normal range or they were overweight, while only 5.4% of subjects were malnourished. On the other hand, the majority of the subjects older than 70 were malnourished or at risk of malnourishment. Th ese results contribute to similar results showing that aging increases the risk of malnourishment. Th e nutritional status assessment conducted using the NRS-2002 tool showed that 57.6% of subjects were at nutritional risk. Th e results obtained by assessment using the DETERMINE checklist were also unfavorable, with 82.1% of subjects older than 70 being at high nutritional risk and 17.9% being at moderate risk. Such a high percentage of the population at nutritional risk indicates that more attention should be devoted to nutrition and nutritional support within the healthcare system. Subjects who suff er from an illness or a condition that aff ects the quantity of food they consume; who eat few fruits, vegetables or dairy products; drink three or more drinks of beer, liquor or wine almost every day; who suff er from dental problems; or have involuntarily lost/gained 5 kg in the last 6 months have a statistically higher tendency towards nutritional risk. A moderate negative correlation between BMI and NRS score means that subjects with lower BMI are at higher nutritional risk. A small number of subjects were included in this study. Additional and more comprehensive studies are needed in order to establish a realistic overview of the status of the population. However, these results are suffi cient to indicate that the issue of malnutrition is present among the elderly. A timely intervention by the healthcare system and training of healthcare personnel can be a step towards achieving better results.
